[Abstract] We present a protocol for construction of tunable CRISPR interference (tCRISPRi) strains for Escherichia coli. The tCRISPRi system alleviates most of the known problems of plasmid-based expression methods, and can be immediately used to construct libraries of sgRNAs that can complement the Keio collection by targeting both essential and nonessential genes. Most importantly from a practical perspective, construction of tCRISPRi to target a new gene requires only one-step oligo recombineering. Additional advantages of tCRISPRi over other existing CRISPRi methods include: (1) tCRISPRi shows significantly less than 10% leaky repression; (2) tCRISPRi uses a tunable arabinose operon promoter and modifications in transporter genes to allow a wide dynamic range with graded control by arabinose inducer; (3) tCRISPRi is plasmid free and the entire system is integrated into the chromosome; (4) tCRISPRi strains show desirable physiological properties. A recent study by Peters et al. (2016) showed the power of CRISPR-based knockdown methods for studying essential genes in Bacillus subtilis. Their sgRNA libraries were cloned via inverse PCR, and dCas9 was under a xylose-inducible promoter. In contrast, our tCRISPRi system for E. coli uses one-
b. Heat shock the culture in a 42 °C shaker for 15 min. This activates lambda RED recombination system in pSIM18, which is already in SJ_XTL219.
c. Transfer culture immediately to ice water for at least 10 min, 3 h in the ice water will not affect the recombineering frequency.
d. Centrifuge the culture to form a pellet at 6,300 x g for 7 min at 4 °C by using refrigerated, low-speed centrifuge with Sorvall SA-600 rotor (or equivalent).
e. Discard the supernatant.
f. Resuspend the pellet with 30 ml of cold ultrapure water by pipetting up and down.
g. Centrifuge again at 6,300 x g for 7 min at 4 °C by using refrigerated, low-speed centrifuge with Sorvall SA-600 rotor (or equivalent).
h. Discard the supernatant by inversion.
i. Resuspend the pellet in 1 ml of cold ultrapure water. 
Examples of knockdown of essential and nonessential genes using tCRISPRi
We presented several examples of gene repression by tCRISPRi in Figure 1 . They are three essential genes rpoB, dnaG, and ftsZ, and three nonessential genes mCherry, lexA and lacZ.
To quantify the level of knockdown by tCRISPRi, we employed a msfGFP fluorescent transcription reporter system.
For these six genes, we observed as much as 32-fold inhibition, with several genes in the range of 2-to 3-fold inhibition. More specifically, for all three essential genes rpoB, dnaG, ftsZ, we www.bio-protocol.org/e2574 6 observed up to 14-fold knockdown in gene expression. The knockdown of these genes caused significant increase in cell size ( Figure 1C ). For the non-essential genes mCherry, lexA and lacZ, the expression level decreased up to 32-fold, and neither the growth rates nor the cell size were affected by the knockdown ( Figure 1C ).
These results show that the tCRISPRi system can be used for graded suppression of gene expression for both essential and nonessential genes from their wild-type level with minimal leaky expression (Figure 1 ). 
Data analysis
Images were acquired at 100x magnifications using Nikon Ti-E microscope equipped with a Neo sCMOS camera (Andor) and Nikon NIS-Elements software. For the cell length measurements, phase contrast technique was used, and images have 2,560 x 2,160 resolution and 16 bit grayscale. 8
